Abstract: Preparation of potassium nitrate from magnesium nitrate and potassium chloride was investigated. Prepared potassium nitrate contains less than 0.5 % chlorides and it can be applied as environmentally friendly fertilizer in hydroponic systems. After fi ltration out potassium nitrate crystals from the reciprocal system K + , Mg 2+ //Cl -, NO 3 --H 2 O, the mother liquor still contains reasonable amount of potassium cations. By evaporation of the mother liquor, carnallite (MgCl 2 ·KCl·6H 2 O) with admixture of MgCl 2 ·6H 2 O crystallizes out. Decomposition of carnallite with cold water makes it possible to separate potassium chloride from this compound. When this KCl is returned back to the process of KNO 3 making, utilization of potassium as high as 97 % can be achieved.
Preparation of potassium nitrate from potassium chloride and magnesium nitrate in a laboratory scale using industrial raw materials 
In this case HCl has to be removed from the reaction mixture, which is done with organic solvent (Phosphorus and Potassium 1969).
Several methods based on the conversion of KCl with another nitrates were studied. Some of them were carried out in industrial measure. General reaction scheme is as follows: 
Patent literature describes preparation of starting solutions for crystallization of KNO 3 (Germany Patent 374.095 (1923); 365.587 (1923); 374.096 (1923); 394.464 (1924); 399.465 (1924); 401.979 (1924); 403.996 (1924); 403.997 (1924) ) and the conditions for removing MgCl 2 from the solution, usually as carnallite, KCl·MgCl 2 ·6H 2 O (Germany Patent 414.597 (1927); 413.300 (1925); 413.299 (1925); 405.579 (1924) Fig. 1 (VÚAgT 1973) . (Potassium chloride is denoted as K 2 Cl 2 because of charge equality of two potassium cations with Mg 2+ cation. This formalism makes the phase diagram more symmetric.) For industrial application the phase equilibria at higher temperatures up to 90 °C are desirable. Prediction of equilibria at higher temperatures could limit a number of necessary experimental measurements. For the purpose of KNO 3 production, only the section MgCl 2 -KNO 3 were thermodynamically treated for consistency and prediction. This topic will be discussed in detail in paper (Danielik et al. to be published) . In this paper we will present the results obtained at preparation of potassium nitrate in laboratory scale from raw materials that are expected to be used in industry. Purity of fi nal product (KNO 3 ), especially the content of chlorides, is of primary importance. Thus the infl uence of rate of crystallization, washing of crystals, etc. is discussed in detail.
Experimental

Chemicals used
As has been mentioned in the introduction, industrial raw materials were used for preparation of KNO 3 . KCl (supplier: Kalij -White Russia) has following composition (wt. %): KCl -94.6 %; MgCl 2 -1.2 %; NaCl -1.8 %; CaCl 2 -0.4 %; sand 2 %. Composition of magnesite (supplier SMZ Jelšava, Slovakia) is as follows (wt. %): MgCO 3 -85.7 %; CaCO 3 -7.20 %; FeCO 3 -4.36; SiO 2 -1.93 %; MnCO 3 -0.11 %; moisture 0.7 %. 
Preparation of Mg(NO
Preparation of KNO 3
Mother liquor for crystallization of KNO 3 was prepared in the following way. 350 g of Mg(NO 3 ) 2 solution (40.7 wt. % Mg(NO 3 ) 2 ) was mixed with 158 g of KCl (technical grade) and 148 g of deionized water in 1000 ml beaker. The beaker was covered with a lid to prevent evaporation. The mixture was heated up to 96 °C. When salts were dissolved, solid impurities originating from KCl were fi ltered out at the temperature higher that 90 °C in order to prevent crystallization of potassium nitrate. Mass of solid impurities was ca 2 g. Then the solution was cooled to 10 °C. The amount of KNO 3 crystals obtained by fi ltration from this solution was washed with 171 g of deionized water. Temperature of washing deionized water was also 10 °C. Washing of KNO 3 crystals was carried out in a closed vessel which made it possible to use intensive mixing. The crystals of KNO 3 were fi ltered out and dried at 60 °C.
Solution remaining after washing of KNO 3 crystals (ca 210 g) was used in the next experiment for preparation of the reaction mixture instead of water. Mother liquor remaining after fi ltration of KNO 3 was concentrated by evaporation of water. The amount of evaporated water was that required for washing of KNO 3 crystals (and required in the next step for preparation of the solution (see Fig. 2 ). Scheme for preparation of KNO 3 with proposed recycling streams is depicted in Fig. 2 . KNO 3 crystals were characterized also by SEM (Tesla BS 300 equipped with digital unit Tescan).
Results and Discussion
Maximal yield of potassium nitrate can be estimated on the basis of phase diagram of the reciprocal system K + , Mg 2+ //Cl -, NO 3 --H 2 O. It follows that maximum utilization of potassium chloride can be 86.6 %. This yield is achieved when the saturated mother liquor is prepared from pure Mg(NO 3 ) 2 and KCl and the solution is cooled to 10 °C. Of course, when raw materials containing impurities are used, this has to be taken into account. Crucial requirement on prepared potassium nitrate is its purity. The amount of chlorides should not exceed ca 0.5 wt. %. Purity of KNO 3 crystals is infl uenced not only by the presence of impurities in the solution but also by washing of the crystals. It depends also on the kinetics of crystal growth which can be infl uenced by the rate of cooling and by mixing of the mother solution. Two series of experiments were carried out: A. Crystallization of KNO 3 without mixing of the mother liquor B. Crystallization with mixing Series A In this series of experiments, crystallization of KNO 3 proceeded without mixing. After removal of solid impurities by fi ltering, the beaker containing saturated solution was cooled down in the mixture of water with ice. When the temperature of the solution reached 10 °C, KNO 3 crystals were fi ltered out using a Büchner funnel. The results are summarized in Table 1 .
Series B
In this series, the preparation of KNO 3 was carried out in a similar way as in series A. The only difference was in cooling which was now carried out under mixing by an impeller stirrer. All data related to these experiments are summarized in Table 2 . It can be seen that we could obtain product with content of chlorides as low as 0.2 % at high yield (84 %) of potassium nitrate. Crystals of KNO 3 obtained in this way are smaller and more homogeneous as the crystals obtained without mixing. Appearance of the crystals can be seen on Fig. 3 .
Decomposition of carnallite
When solid potassium nitrate is removed from the system, the solution still contains reasonable amount of potassium ions. By evaporation of water from this solution (this water is returned back to the process) we obtain after cooling to 25 °C solid phase consisting of carnallite (KCl·MgCl 2 ·6H 2 O), KNO 3 , and small amount of MgCl 2 ·6H 2 O. In the next we will denote this mixture of crystals as "raw carnallite". Carnallite makes 94 % of the solid phase, i.e. of "raw carnallite". Decomposition of this material (this is also known as "processing of carnallite") yields solid KCl and solution containing MgCl 2 and KCl (and small amount of nitrates). This is a well established process (see for example Ullmann's encyclopedia of Industrial Chemistry). The process of decomposition of "raw carnallite" is illustrated in Fig. 4 . Result of our experiments is as follows. When we added 42.5 ml of distilled water to 100 g of "raw carnallite" we obtained 19.7 g of KCl which is returned back to the process of preparation of KNO 3 . Using this procedure, utilization of potassium from KCl for KNO 3 production increases up to 97 %. Work on the treatment of the residual solid phase containing ca 25 % of carnallite and ca 74 % of MgCl 2 ·6H 2 O (the rest being nitrates) is under progress.
